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A B S T R A C T

Background: The poly(adenosine diphosphate-ribose) polymerase (PARP) inhibitor, olaparib has been approved
for the treatment of mCRPC in patients with BRCA1/2 mutations who have progressed following prior therapy
that included a new hormonal agents. Patients with prostate cancer carrying BRCA gene mutations exhibit a more
aggressive disease progression and poorer prognosis, posing challenges for the effectiveness of current treatment
options.
Methods: From the perspective of healthcare payers in China, a three-state partition survival model (progression-
free survival, progressed disease and death) was constructed to conduct a cost-effectiveness analysis of olaparib
versus enzalutamide for the approved indication. The efficacy and safety of olaparib and enzalutamide were
obtained from PROfound trial. Cost were from pricing records and the literature. The model was simulated for 10
years with monthly cycles. Costs and health outcomes were discounted by 5%. Sensitivity analyses were con-
ducted to evaluate the robustness of parameters on the results.
Results: In the base-case analysis, the total cost of olaparib was ¥ 101,012, with a total of 1.1576 QALYs gained.
The total cost of enzalutamide was ¥ 52,425, with a total of 0.5929 QALYs gained. Compared to enzalutamide,
olaparib had an ICER of ¥ 86,043 per QALY, with an increase in total costs of ¥ 48,587 and an increase in QALYs of
0.5647. At a threshold of three times per capita GDP of China (¥ 257,094 in 2022), the probability of olaparib
being cost-effective compared to enzalutamide was 99.0%.
Conclusion: From the healthcare payer perspective, olaparib is cost-effective compared to enzalutamide for the
treatment of metastatic castration-resistant prostate cancer in patients with BRCA1/2 mutations who have pro-
gressed following prior therapy that included a new hormonal agent.
1. Background

Prostate cancer (PCa) ranks sixth in the incidence rate of male tumors
in China, with a crude incidence rate of 15.6/100,000 and an age-
standardized rate of 10.2/100,000 in 2020.1 In early-stage PCa, pa-
tients often have no obvious symptoms, leading to missed opportunities
for optimal treatment, and China lacks large-scale screening programs. As
a result, 25%–32% of patients have metastatic prostate cancer at
an).
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diagnosis.2 In addition, 20% of newly diagnosed patients are diagnosed
with metastatic prostate cancer, and 40% are diagnosed with localized
PCa, highlighting the need for large-scale screening programs to detect
PCa patients.3

Androgen deprivation therapy (ADT) is widely used in the treatment
of metastatic prostate cancer. In recent years, treatment regimens based
on ADT in combination with abiraterone, enzalutamide, or docetaxel
have been shown to be beneficial.4–6 However, some patients still
we would like to consider both as co-first authors.
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Table 1
Cost parameters.

Parameter Base Range Distribution Source

Clinical input
PFS
Olaparib
Gompertz
Intercept

0.0868 0.0298–0.1437 Multivariate
Normal

15

Olaparib
Gompertz
Gamma

0.0429 0.0267–0.0688 15

Enzalutamide
GenGamma
Intercept

0.7857 0.5322–1.0392 Multivariate
Normal

15

Enzalutamide
GenGamma
Scale

0.5794 0.4611–0.7281 15

Enzalutamide
GenGamma
Shape

�0.8778 �1.5819–�0.1738 15

RPSFTM adjusted OS
Olaparib
Gompertz
Intercept

0.0418 0.0051–0.0784 Multivariate
Normal

15

Olaparib
Gompertz
Gamma

0.0199 0.0118–0.0335 15

Enzalutamide
Loglogistic
Intercept

2.1976 1.6326–2.9581 Multivariate
Normal

15

Enzalutamide
Loglogistic
Scale

9.1264 7.3365–11.3530 15

TTD
Olaparib
Gompertz
Intercept

0.1014 0.0568–0.1460 Multivariate
Normal

15

Olaparib
Gompertz
Gamma

0.0368 0.0237–0.0572 15

Enzalutamide
Lognormal
Intercept

1.2452 1.0685–1.4219 Multivariate
Normal

15

Enzalutamide
Lognormal
Scale

0.6836 0.5657–0.8261 15

Drug acquisition cost
Enzalutamide
(per cycle)

7,687.00 5,866.07–8,468.00 Gamma YaoZhi

Prednisone (per
cycle)

7.21 6.49–7.93 Gamma YaoZhi

Abiraterone (per
cycle)

4,704.89 4,234.40–5,175.38 Gamma YaoZhi

Docetaxel (per
cycle)

3,390.97 3,051.87–3,730.07 Gamma YaoZhi

Mitoxantrone
(per cycle)

13,036.77 11,733.09–14,340.45 Gamma YaoZhi

Radium233 (per
cycle)

46,405.86 41,765.27–51,046.45 Gamma YaoZhi

BSC (per cycle) 142.62 128.36–156.88 Gamma 27

Concomitant medication cost
Olaparib (per
cycle)

277.16 249.44–304.88 Gamma YaoZhi

Enzalutamide
(per cycle)

198.2 178.38–218.02 Gamma YaoZhi

Disease management cost
Olaparib (per
cycle)

1,819.81 1,637.83–2,001.79 Gamma 19–23,25

Enzalutamide
(per cycle)

1,819.95 1,637.96–2,001.95 Gamma 19–23,25

One-off cost
Home care by
nurse

2,957.80 2,662.02–3,253.58 Gamma 26

Palliative care 16,966.82 15,270.14–18,663.50 Gamma 24

≥Grade 3 Adverse event cost (per event)
Anemia 298.37 268.53–328.21 Gamma 28

1,502.60 1,352.34–1,652.86 Gamma 29
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experience disease progression, and the overall trend in metastatic
prostate cancer is from hormone-sensitive to castration-resistant prostate
cancer (mCRPC). When patients progress to mCRPC, their life expectancy
decreases significantly, with a five-year survival rate of less than 10% in
developed countries.7 In addition, patients carrying BRCA gene muta-
tions have an increased risk of developing and a worse prognosis for PCa.
Meta-analyses have shown that patients carrying BRCA gene mutations
have a higher relative risk of developing prostate cancer, with the highest
risk observed in those carrying the BRCA2 gene (OR ¼ 2.64, 95%CI ¼
2.03–3.47).8 Furthermore, patients carrying BRCA2 gene mutations have
the highest degree of malignancy and receive less benefit from androgen
receptor signaling inhibitors (such as abiraterone or enzalutamide).9,10

Overall, the treatment of mCRPC patients with BRCA mutations has not
yet met the demand.

Olaparib is the first PARP inhibitor approved in China for the treat-
ment of mCRPC, with the PROfound trial being the main clinical trial
supporting its approval.11 The PROfound trial is an international,
multicenter, randomized, open-label, Phase III clinical trial that
compared the efficacy and safety of olaparib versus new hormonal agents
(physician's choice of either abiraterone or enzalutamide plus predni-
sone) in mCRPC patients carrying gene mutations who had failed prior
treatment with new hormonal agents.12,13 Among these patients, cohort
A (patients carrying BRCA1/2 or ATM gene mutations) who received
olaparib had a significantly longer radiographic progression-free survival
of 3.8 months (median, 7.4 months vs. 3.6 months; HR ¼ 0.34, 95%CI ¼
0.25–0.47) and an overall survival of 4.4 months longer (median, 19.1
months vs. 14.7 months; HR ¼ 0.69, 95%CI ¼ 0.5–0.97). Subgroup
analysis of the BRCA mutation population (n ¼ 160) in the PROfound
trial showed that Olaparib could extend radiographic progression-free
survival by 6.8 months (median, 9.8 months vs. 3.0 months; HR ¼
0.22, 95%CI ¼ 0.15–0.32) and overall survival by 5.7 months (median,
20.1 months vs. 14.4 months; HR ¼ 0.63, 95%CI ¼ 0.42–0.95).14

Therefore, olaparib provides the greatest benefit for mCRPC patients
carrying BRCA1/2 mutations.

The cost-effectiveness of using olaparib to treat mCRPC patients with
BRCA1/2 mutations who have progressed following prior therapy that
included a new hormonal agent is still unclear in China. Therefore, this
study aims to evaluate the cost-effectiveness of olaparib compared to
enzalutamide, for the treatment of mCRPC patients carrying BRCA1/2
mutations who have progressed following prior therapy that included a
new hormonal agent, to provide economic evidence for Chinese decision-
makers.

2. Materials and methods

2.1. Patients and treatments

This study conducted a cost-effectiveness analysis based on the results
of the BRCA1/2 mutation subgroup in the Phase III, randomized, open-
label PROfound III trial (NCT0298754).14 The study population con-
sisted of mCRPC patients with BRCA1/2 mutations who have progressed
following prior therapy that included a new hormonal agent (abirater-
one, enzalutamide, or both). The intervention was olaparib (300 mg,
twice daily), and the control was enzalutamide (160 mg, once daily) plus
prednisone (5 mg, twice daily).

2.2. Model structure

A three-state partitioned survival model (PSM) was constructed to
simulate the cost-effectiveness differences between olaparib and enza-
lutamide for treating mCRPC patients carrying BRCA1/2 mutations using
Microsoft Excel, including progression-free survival (PFS), progressed
disease (PD), and death states. The model assumed that the states were
mutually exclusive and that disease progression was irreversible. In the
PFS state, the drug acquisition cost, concomitant medication cost,
administration cost, disease management cost, adverse event cost, and
68



Table 1 (continued )

Parameter Base Range Distribution Source

Urinary tract
infections

Dyspnea 1,768.84 1,607.26–1,964.42 Gamma KOL
Vomiting 276.74 249.07–304.41 Gamma 30

Fatigue 322.70 290.43–354.97 Gamma KOL
Skeletal-related event cost (per event)
Spinal cord
compression

1,356.22 1,220.60–1,491.84 Gamma 28

Pathological
bone fracture

34,540.27 31,086.24–37,994.30 Gamma 31

Radiation to the
bone

30,430.00 27,387.00–33,473.00 Gamma 32

Surgery to the
bone

40,720.00 36,648.00–44,792.00 Gamma 32

Utility inputs
PFS 0.7379 0.7009–0.7733 Beta 15

OS 0.6770 0.6402–0.7127 Beta 15
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skeletal-related event cost for olaparib and enzalutamide were consid-
ered. The drug acquisition cost in the PFS state were adjusted based on
the time to treatment discontinuation (TTD) of the actual medication
used in the PROfound trial to reflect the actual drug usage more accu-
rately. When patients progressed to the PD state, they received subse-
quent treatments, and there was assumption that these treatments did not
affect the overall survival. The PD state considered disease management
cost and subsequent treatment cost, with subsequent treatment costs
calculated as a one-time cost. When patients reached the death state, they
received end-of-life care and family care cost, also calculated as a one-
time cost. In the BRCA subgroup of the PROfound trial, the average
age of patients was 68.1 years, and the model was run for 10 years (with
each cycle was one month) to capture the differences in efficacy between
the two treatments.
2.3. Clinical inputs

The survival data of olaparib and enzalutamide were derived from the
PROfound trial. In the PROfound trial, due to patients in the enzaluta-
mide arm were allowed to switch to olaparib treatment arm, the Rank
Preserving Structural Failure Time Model (RPSFTM) was applied to
adjusted overall survival (OS) as the efficacy in the model.15 To obtain
long-term survival data, TTD, PFS, and OS curves of olaparib and enza-
lutamide were extrapolated in the model. Parametric survival analysis
was used to fit PFS and OS curves, and the distributions with the mini-
mum Akaike information criterion (AIC) and Bayesian information cri-
terion (BIC) were chosen as the best fit. The best fit distribution were
validated by Chinese expert consultation. The model considered grade
�3 adverse events and skeletal-related adverse events with an incidence
of �2% in the PROfound trial. The incidence of each skeletal-related
adverse event (spinal cord compression, pathological bone fracture, ra-
diation to the bone and surgery to the bone) and its treatment duration in
China were obtained from expert consultation.
2.4. Utilities

In the model, quality-adjusted life years (QALYs) was used as the
primary output measure of effectiveness. QALYs were calculated by
multiplying the utility value of each health state with the time spent in
that state. The utility values of PFS and OS were obtained using the EQ-
5D-5L from the PROfound study, which was mapped to EQ-5D-3L. The
utility values adjusted for time to death, disutility of adverse event and
skeletal-related event. The time to death disutility were sourced from
PROfound. Adverse event and skeletal-related disutility were sourced
from published literature and NICE submission.16–18 A 5% discount rate
was applied to the utility values.
69
2.5. Costs

The costs in the model (Chinese Yuan [CNY ¥]; 2023) included drug
acquisition costs, concomitant medication costs, administration costs,
disease management costs, adverse event cost, skeletal-related adverse
event cost and palliative care cost, with a discount rate of 5% applied to
costs (Table 1). The acquisition costs of olaparib, enzalutamide,
concomitant medications, and subsequent treatment medications were
obtained from the average winning bid prices on the YaoZhi website.
Disease management costs were based on the prices of medical services
published by Beijing, Shanghai, Guangzhou, Chengdu, and Wuhan
authorities.19–23 Home care by nurse, best supportive care (BSC), and
palliative care costs were from published literature.24–27 In the model, it
was assumed that olaparib and enzalutamide were used continuously
until disease progression, after which patients received subsequent
treatment. The subsequent treatment regimen was defined as other
beneficial treatments after disease progression on either olaparib or
enzalutamide, including olaparib, docetaxel, mitoxantrone, abiraterone,
enzalutamide, radium-233, and best supportive care. Best supportive
care was defined as other supportive care treatments that were not
considered active treatments. The administration cost was considered in
the subsequent treatment costs. The adverse event cost was based on
clinical expert surveys and skeletal-related adverse event cost was from
published literature.28–32

2.6. Cost-effectiveness

The results were reported in terms of total costs, QALYs, and incre-
mental cost-effectiveness ratios (ICER). Willing-to-pay (WTP) is sug-
gested as three times per capita GDP in China, consistent with the
Chinese pharmacoeconomic evaluation guidelines. The per capita GDP in
China in 2022 is ¥ 85,698, and the WTP is ¥ 257,094 per QALY. If the
ICER is lower than the WTP, then olaparib is considered cost-effective
compared to enzalutamide, otherwise, it is not cost-effective. And the
incremental net monetary benefit (INMB) is calculated by the formula
INMB ¼ ΔE * WTP - ΔC, where ΔE represents the difference in QALYs
between olaparib and enzalutamide, ΔC represents the difference in cost
between the two treatments. When INMB is greater than 0, olaparib is
cost-effective compared to enzalutamide.

2.7. Sensitivity analysis

Sensitivity analyses were conducted to evaluate the robustness of the
results, including one-way deterministic sensitivity analysis and proba-
bilistic sensitivity analysis to assess the impact of parameters on the re-
sults. The range of each variable was set at a 95% confidence interval or a
�10% variation from the base case value. The tornado diagrams were
used to show the rank order of the impact degree of each variable on the
results. In the probabilistic sensitivity analysis, different distribution
types were applied to the parameters based on their mean and standard
error. Monte Carlo simulations were performed by sampling from the
corresponding distribution of each parameter for 1000 times using a
Markov chain. The cost-effectiveness acceptability curve and the cost-
effectiveness scatter plot were presented to show the robustness of
cost-effectiveness results.

3. Results

3.1. Base-case analysis

The base-case analysis revealed that the total treatment cost for ola-
parib was ¥ 101,012, while that for enzalutamide was ¥ 52,425. Olaparib
resulted in a QALY gain of 1.1576, compared to 0.5929 for enzalutamide.
Olaparib could reduce skeletal-related event cost by ¥ 1,021, terminal
care cost by ¥ 477 and subsequent treatment cost by ¥ 2,313 compared to
enzalutamide. And olaparib gained more 0.4070 QALYs in the PFS state



Table 2
Results of base-case analysis.

Outcome Olaparib Enzalutamide

Total costs (Discounted) ¥ 101,012 ¥ 52,425
Drug acquisition cost (%) ¥ 61,606 (60.99) ¥ 19,387 (36.98)
Concomitant medication cost (%) ¥ 1,496 (1.48) ¥ 434 (0.83)
Adverse events cost (%) ¥ 101 (0.10) ¥ 61 (0.12)
Skeletal-related event management cost (%) ¥ 2,822 (2.79) ¥ 3,843 (7.33)
Disease management cost (%) ¥ 18,513 (18.33) ¥ 9,436 (18.00)
Terminal care cost (%) ¥ 12,085 (11.96) ¥ 12,562 (23.96)
Subsequent treatment cost (%) ¥ 4,389 (4.35) ¥ 6,702 (12.78)
Total LYs (Discounted) 1.8209 1.0349
Progression-free 0.8841 0.3326
Progressed 0.9369 0.7023
Total QALYs (Discounted) 1.1576 0.5929
Progression-free 0.6524 0.2454
Progressed 0.6342 0.4755
QALY loss �0.1290 �0.1280
Incremental costs ¥ 48,587
Incremental LYs 0.79
Incremental QALYs 0.56
ICER（（Cost per QALYs Gained）） ¥ 86,043
INMB（（Cost per QALYs Gained）） ¥ 96,589
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and 0.1587 QALYs in the PD state. The ICER for olaparib, in comparison
to enzalutamide, was ¥ 86,043 per QALY gained, with an incremental
cost of ¥ 48,587 and an incremental QALY of 0.5647, which was lower
than WTP (Table 2).
3.2. Sensitivity analysis

Findings from the one-way sensitivity analysis were displayed in the
tornado diagrams (Fig. 1.). The gamma parameter of olaparib's OS fitted
distribution, the intercept parameter of enzalutamide's OS fitted distri-
bution, and enzalutamide's drug acquisition cost were the main impor-
tant driver of cost-effectiveness results. Despite the impact of these
factors, all INMB values remained greater than 0, leaving the conclusion
of olaparib's cost-effectiveness unchanged. Upon altering the willingness-
Fig. 1. Tornado diagram of on

70
to-pay threshold values, the cost-effectiveness acceptability curves for
olaparib and enzalutamide were generated, as displayed in the Fig. 2. It
indicated that, at a willingness-to-pay threshold of three times per capita
GDP, olaparib's cost-effectiveness probability was 99.0%, while enzalu-
tamide's was 1.0%. At a threshold of one time per capita GDP, olaparib's
cost-effectiveness probability dropped to 47.8%, whereas enzalutamide's
increased to 52.2% (Fig. 3).

4. Discussion

For mCRPC patients with BRCA gene mutations, current treatments
such as chemotherapy and new hormonal therapies, may lead to cross-
resistance and have limited efficacy. Recent studies on PARP inhibitors
have shown clear anti-tumor efficacy, making targeted therapy an urgent
clinical need for Chinese patients with BRCA mutations, especially
BRCA2 mutations. Olaparib, a PARP inhibitor, has become a new tar-
geted treatment for BRCA1/2 gene-mutated cancer and is recommended
as a second-line/third-line treatment drug in Chinese and American
prostate cancer treatment guidelines. It has important implications for
the physiological and psychological well-being of male patients, as well
as avoiding work losses among adult labor forces, and has significant
social implications.

This study evaluated the cost-effectiveness of olaparib compared to
enzalutamide in Chinese patients with mCRPC carrying BRCA1/2 mu-
tations, based on data from the PROfound trial and the clinical situation
in China. This model was simulated for 10 years from a healthcare payer
perspective, and it found that olaparib was cost-effective compared to
enzalutamide (ICER was ¥ 86,043/QALY, threshold at 3 times GDP: ¥
257,094/QALY), with a 99.0% probability of being cost-effective at the
threshold of 3 times GDP.

The results of this study differ from those of Chen xia and Dan su.33,34

The possible reason is that, the patients' data of our study were from the
BRCA subgroup of the PROfound trial, while other Chinese study's data
were from Cohort A (BRCA1/2 and ATM mutations) of the PROfound
trial. Patients with ATM mutations have poorer response to olaparib
treatment than those with BRCA1/2 mutations, so olaparib is more
e-way sensitivity analysis.



Fig. 2. Cost-acceptability curve.

Fig. 3. Cost-effectiveness scatter plot.

P. Pang et al. Intelligent Pharmacy 1 (2023) 67–72
cost-effective based on the BRCA population.
This study has some limitations. Firstly, the efficacy data used in this

study may be biased. The design of the PROfound trial did not observe
the actual overall survival time of the control group (enzalutamide
group). The total survival time of the control group was adjusted by the
RPSFTM method. The RPSFTM assumes that the efficacy of patients who
switched to olaparib treatment is consistent with that of the olaparib
group. In the future, real-world studies can be conducted to verify the
efficacy of olaparib compared to enzalutamide to refine the results of
cost-effectiveness. Secondly, the health utility values used in the model
were derived from the PROfound trial. The health utility values were
quantified using the scoring system of the British population. However,
there are significant differences in utility values across cultural back-
grounds, ethnicities, and countries. Therefore, there may be some dif-
ferences in utility in China. Since there is no utility value specifically for
the mCRPC population in China, using the PROfound utility value can
effectively reflect the differences in quality of life when this population
receive treatment. The uncertainty of the utility values was also analyzed
through sensitivity analysis in this study. Thirdly, the data on the pro-
portion of subsequent treatment, average treatment duration, and fre-
quency of medical resource utilization used in the model were derived
from clinical expert surveys. Since expert survey data can be influenced
by the economic development level of the surveyed experts' regions, the
71
hospital's technical level, and the clinical experience of physicians, the
results can be further improved and updated in the future using real-
world data.

5. Conclusion

From the healthcare payer perspective, olaparib is cost-effective
compared to enzalutamide for the treatment of metastatic castration-
resistant prostate cancer in patients with BRCA1/2 mutations who
have progressed following prior therapy that included a new hormonal
agent.
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ADT Androgen Deprivation Therapy
AIC Akaike Information Criterion
BIC Bayesian Information Criterion
GDP Gross Domestic Product
ICER Incremental Cost-Effectiveness Ratios
INMB Incremental Net Monetary Benefit
mCRPC Metastatic Castration Resistant Prostate Cancer
OS Overall Survival
PARP Poly (adenosine diphosphate-ribose) polymerase
PCa Prostate Cancer
PFS Progression-Free Survival
RPSFTM Rank-Preserving Structural Failure Time Model
QALY Quality Adjusted Life Year
TTD Time to Treatment Discontinuation
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